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SUNGLASSES WITH ADAPTABLE TRANSMISSIVITY 



The invention relates to improvements to sunglasses. 

Conventionally, spectacle users need to adopt one of the following approaches 
in bright sunlight: either change spectacles for tinted glass of equivalent prescription; use 
clip-on tinted lenses over their everyday glasses; use so-called react-to-light prescription 
5 lenses; or put up with being dazzled. Most of these solutions are rather inconvenient and even 
react-to-light spectacles can be inconvenient as a sudden change in ambient lighting 
conditions from light to dark (for instance, when a spectacles wearer goes in doors or enters a 
tunnel while driving) can include a delay during which the wearer must wait for the lenses to 
change tint. 

10 It is an aim of embodiments of the present invention to provide an alternative 

solution to the conventional solutions described above. 

According to an aspect of the invention, there is provided a pair of sunglasses 
characterized by comprising at least one electro-wetting lens incorporating first and second 
immiscible fluids of dissimilar light transmission properties, the first fluid being a better light 

15 transmitter than the second fluid, wherein variation in the strength of an electric field 
between first and second electrodes of the electro-wetting lens causes the shape of a 
boundary between the first and second fluids to alter from a first state in which the second 
fluid forms a layer across substantially an entire light transmitting area of an internal surface 
of the lens and light transmission is at a most reduced state to a second state in which light 

20 transmission is at a maximum. 

Sunglasses constructed as above, have the advantage over conventional 
sunglasses in that the two-state nature provided by varying a potential difference provides a 
convenient manner in which the sunglasses may be altered in opacity at the will of a user and 
not necessarily at the dictate of ambient light or other conditions. 

25 Preferably, in the second state the second fluid is confined to peripheral 

regions of the lens. 

The first and second fluids are preferably of substantially identical refractive 
index and specific gravity, this is advantageous as altering boundary conditions between two 
such fluids will not change the strength of optical lens. 
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Preferably, the lens comprises a transparent rear wall and a transparent front 
wall defining a cavity between them, within which the first and second fluids are confmed. 

In first preferred embodiments, the first and second electrodes of the lens 
comprise a rear electrode formed in a region of the internal surface of the rear wall and a 
5 ring-electrode which extends around an internal periphery of the front wall. In this first 
embodiment, progressive variation of the potential difTerence between the electrodes is 
arranged to progressively alter the shape of the boundary to provide a progressive alteration 
between the first and second states. 

In a first preferred arrangement, the natural state of the lens is the first state 
10 (minimum light transmission), and in this first state no potential difference is applied between 
electrodes of the lens. 

In the first preferred arrangement an interior region of the front wall is 
preferably hydrophobic or coated with a hydrophobic layer , whilst the ring-type electrode 
and, in the first state, the first fluid is the fluid nearest the front wall, whilst the second fluid 
1 5 is the fluid having a boundary nearest the rear wall. In the first preferred arrangements, the 
first fluid is preferably a transparent oil, whilst the second fluid is a colored conductive 
and/or polar fluid, preferably colored water. 

In a second preferred arrangement, the natural state of the lens is the second 
state (maximum light transmission) and in this state no potential difference is applied 
20 between electrodes of the lens. 

In the second preferred arrangement, a hydrophobic insulator is formed on the 
ring-type electrode and the front wall is preferably hydrophobic or coated with a hydrophobic 
layer. Here, the first fluid is the fluid nearest the rear wall, whilst the second fluid is the fluid 
having a boundary nearest the front wall. In the second preferred arrangement, the first fluid 
25 is preferably a transparent polar and/or conductive fluid such as water, whilst the second fluid 
is a colored non-conductive fluid such as a colored oil. Here, the thickness of the oil layer 
within the light path transmitting portion of the lens may be continuously varied by varying 
the potential difference between electrodes. 

Choice of an appropriate lens construction with a given natural state of light or 
30 dark enables a user to decide whether to choose a pair of glasses which are normally clear or 
normally dark and choosing the appropriate construction in accordance with the anticipated 
main reason for use provides potential for extended battery life. 

In a further preferred embodiment, a hydrophobic insulator is formed on an 
interior region of the rear wall and also on a transparent rear electrode and, the first fluid is 
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the fluid which has a boundary nearest the front wall, whilst the second fluid is the fluid 
having a boundary nearest the rear wall. Here, the first fluid is preferably a transparent polar 
and/or conductive fluid such as water and the second fluid is a colored oil. 

Preferably, the curvature of the front wall, the curvature of the rear wall and 
S the refractive index of the first and second fluids are arranged to correct a visual defect of a 
wearer. Such corrective type lenses in switchable sunglasses enables the user with eye defects 
to only need one pair of glasses which also function as sunglasses - avoiding the need for 
changing pairs. 

Manual and/or automatic adjustment means may be provided for altering the 
10 electric field applied between the pairs of first and second electrodes. Manual adjustment 
allows complete freedom of choice to the user, whilst an automatic mode allows a user to 
have sunglasses which can adapt to preset conditions such as ambient light levels or to 
change in accordance with pre-programmed conditions. 

Making the electrodes transparent whilst optional in many arrangements 
15 provides a great deal of freedom in positioning and enables their placement within the optical 
path of the lens without further restriction of light transmission. 



For a better understanding of the invention, and to show how embodiments of 
20 the same may be carried into effect, reference will now be made, by way of example, to the 
accompanying diagrammatic drawings in which: 

Figs. 1 A and IB schematically show a first embodiment of lens for use in 
sunglasses in which the level of light transmitted may be varied according to the choice of a 
wearer; 

25 Fig. IC shows an embodiment similar to the lens of Figs. lA and IB, however 

in this embodiment the relative amounts composition and placement of the first and second 
fluids contained by the lens are different; 

Fig. 2 is a schematic diagram illustrating the construction of a further 
embodiment of lens for use in sunglasses in which the level of light transmitted may be 
30 varied according to the choice of a wearer; 

Fig. 3 and Fig. 4 illustrate the principles of "electrowetting" as applied to the 
lens of Fig. 2; and 

Fig. 5 shows a pair of spectacles in which the lenses of Fig. 1 or 2 may be 

embodied. 
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Referring to Fig. 1 A, a first embodiment of lens forming part of spectacles 
according to the invention comprise a transparent rear wall 1 10 and a transparent front wall 
5 120 defining a cavity 140 between them, a rear electrode 160 formed in a region of the 
internal surface of the rear wall, a ring-electrode 150 which extends around an internal 
periphery of the front wall 120 and a hydrophobic insulator 130 formed on the ring-type 
electrode 1 50 and preferably covering an interior region of the front wall 120. Preferably but 
not necessarily the electrodes may be formed of transparent material. 

10 The cavity 140 is filled with first and second fluids and a meniscus line M is 

shown in Fig. 1 denoting the boundary between the first and second fluids. Here, the second 
fluid is the fluid nearest the rear wall 1 10, whilst the first fluid is the fluid having a boundary 
nearest the front wall 120. 

A fluid is a substance that alters it shape in response to any force, that tends to 

15 flow or to conform to the outline of its chamber, and that includes gases, vapors, liquids and 
mixtures of solids and liquids capable of flow. 

The first and second fluids are immiscible and have substantially the same 
refractive index and specific gravities, but different light transmission properties. 

The second fluid is a colored electro-conductive electrolyte and the first fluid 

20 is a transparent oil. Here, the electro-conductive electrolyte is preferably a water/alcohol mix 
to which a salt has been added and the second fluid is an oil. Both fluids preferably have a 
refractive index of approximately 1 .38 and a specific gravity of 0.85. In this case, the alcohol 
is used to decrease the density of water to match the density of the oil. However, the density 
of the oil may also be increased by adding e.g. CC14 to match the density of the salt solution. 

25 Referring now to each of Figs. 1 A and 1 B, the principles of operation of sunglasses 
incorporating a lens of the type above described will now be discussed. 

Fig. 1 A illustrates a first state of the switchable sunglasses in which light 
transmission is restricted. In detail, it can be seen that in Fig. 1 A, where no voltage is applied 
to the electrodes, the first fluid comprising silicone oil and the second fluid comprising the 

30 colored electro-conductive electrolyte have a natural boundary level defined by meniscus M 
which forms a substantially spherical surface, the radius of curvature of which is essentially 
determined by the volume of the second fluid and the interfacial tension of the fluids and the 
walls forming the cavity. 
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Referring now to Fig. IB, the situation is shown in which a sufficient voltage 
is applied between the two electrodes 150, 160 to cause the polar and/or conductive fluid (the 
electrolyte formed by the colored water) to be attracted towards the ring-type electrodes and 
vacate the central region of the rear wall (i.e. to clear from the light path). The application of 
5 an electric field between the two electrodes, and the fact that the second fluid is electro- 
conductive causes the second fluid to effectively be attracted towards the ring-type electrode 
150, changing the effective contact angle between the meniscus layer M and the sloping front 
wall 120. With increasing potential difference, the situation is reached in Fig. IB where the 
curvature of the meniscus layer M is such that the second fluid is confined to a peripheral 

10 region around the edges of the lens 100. 

In the above discussion, it must be borne in mind that the second fluid, has 
reduced light transmission properties as compared to the first fluid. Therefore, in the situation 
shown in Fig. 1 A, a minimum light transmission state is shown, whereas in Fig. IB, a 
maximum light transmission state through the lens is shown. It will be appreciated that the 

1 5 change from the state shown in Fig. 1 A to the state of fig. 1 B is a progressive one and that 
intermediate potential differences will cause intermediate levels of clearing of the light path 
and hence light transmission. In this way, the application of potential difference between the 
two electrodes 150, 160 provides a progressively switchable lens suitable for use in 
sunglasses. 

20 Although the situation is described in which the second state is reached by 

increasing the potential difference between the electrodes, the reverse situation is also 
possible. In fig. IC the first fluid is the fluid nearest to the rear wall 1 10 and the second fluid 
is the fluid having the nearest boundary to the front wall 120. The first fluid is an electro- 
conductive electrolyte and the second fluid is a colored oil. Here, the electro-conductive 

25 electrolyte is preferably a water/alcohol mix to which a salt has been added and the second 
fluid is a colored silicone oil. Both fluids preferably have a refractive index of approximately 
1 .38 and a specific gravity of 0.85. In this case, the relative amounts of the fluids are different 
with only a thin layer of colored oil being provided. Here, the initial contact angle with no 
applied potential difference applied is such that the meniscus M is also in contact with the 

30 center of the front wall as is shown in Fig. IC. In this (natural) second state, the maximum 
light transmission is ensured by confining the second fluid to peripheral regions of the lens 
which are hydrophobic, the ring-electrode 150 also being hydrophobically coated. Increasing 
the potential difference between the two electrodes 150, 160 causes attraction of the 
electrolyte forming the first fluid to the ring electrode 150 and displaces the second fluid 
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from peripheral regions toward a central region of the lens giving a similar effect to the one 
shown in fig, 1 A in which light transmission is restricted along the optical path (first state). 

Referring now to Fig. 2, there is shown another embodiment of lens 100 
comprising a transparent rear wall 1 10 and a transparent front wall 120 defining a cavity 140 
5 between them, a transparent rear electrode 160 formed on the internal surface of the rear wall 
110 in a central region thereof, a hydrophobic insulator 130 formed over the rear electrode 
160 and extending over the rear wall 110 to its' periphery and an electrode 150 which may be 
a single electrode directly contacting the first fluid and which is preferably transparent or 
placed out of a field of view. The transparent rear electrode 160 may be a single electrode or 

10 may be formed out of various electrodes that can be addressed separately. 

The cavity 140 is filled with first and second fluids. A meniscus line M is 
shown in Fig. 2 denoting the boundary between the first and second fluids. Here, the first 
fluid is the fluid nearest the front wall 120, whilst the second fluid is the fluid having a 
boundary nearest the rear wall 1 10. 

1 5 The first and second fluids are immiscible and have substantially the same 

refractive index and specific gravities, but different transmission properties. 

The first fluid is an electroconductive electrolyte and the second fluid is a 
colored oil. Here, the electroconductive electrolyte is preferably a water/alcohol mix to which 
a salt has been added and the second fluid is a colored silicone oil. Both fluids may, for 

20 example, have a refractive index of approximately 1 .38 and a specific gravity of 0.85. 

Referring now to Figs. 3 and 4, the principles of operation of the sunglasses according to the 
embodiment of lens shown in fig. 2. 

Fig. 3 illustrates a first state of the switchable sunglasses in which light 
transmission is restricted. In detail, it can be seen that in Fig. 3, where no voltage is applied to 

25 the electrodes, there is shown the rear transparent electrode 160, the hydrophobic and 

electrically insulating coating 130 formed on the transparent electrode 160, a layer of colored 
oil O, and the salted water electrolyte W which is contacted by the ring-type electrode 150 
(not shown). Here, as there is no potential difference between the electrodes 150, 160, the oil 
O forms a homogeneous film over the hydrophobic insulator 130. 

30 The solid arrows shown on the fig. represent the fact that light transmission is 

reduced by virtue of having to pass through the layer of lower light transmissibility oil O. 
Referring now to Fig. 4, there is shown a situation in which a potential difference is applied 
between the two electrodes. 
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By applying a voltage between the two electrodes, the electro-wetting effect 
increases the wettability of the hydrophobic insulator layer 130 by the electrolyte W as free 
charges in the electrolyte W repelled from the electrode 1 50 are attracted to the electrode 160 
and therefore cause the electrolyte W to be attracted to the electrode 160. If sufficient voltage 
5 is applied then electrolyte W is forced to contact the hydrophobic insulator 1 30 and the oil O 
is moved aside, giving the state shown in Fig. 4, in which the oil is moved away from the 
optical axis. Removing the voltage from the electrodes 150,160 allows the switchable optical 
element 1 to return to the arrangement of Fig. 3. 

As discussed above, the applied potential difference between the two 

10 electrodes cause the layer of oil to be effectively pushed away from the area covered by the 
transparent electrode 160, towards the periphery of the lens. Advantageously, the area toward 
which the oil is pushed comprises a frame area of the spectacles in which the lenses may be 
mounted. Moving the lower light transmissibility layer of oil toward the frame enables the 
central area of the lens to be clear of the coating and to therefore pass more light as illustrated 

15 schematically by the solid and non-solid arrows shown in Fig. 4. Hence, this type of lens 
arrangement is discretely switchable between the on and off states. 

A number of measures may be used in order to ensure the oil moves away 
from the optical axis in a predictable and reproducible manner and that these measures may 
be combined with the embodiments discussed above. For instance, varying the wettability of 

20 interior surfaces of the lens provides a convenient technique for controlling the direction of 
oil movement in response to an applied voltage. 

The rear electrode 160 for instance may be advantageously divided into a 
number of independently addressable line sections. By applying a voltage to the 
independently addressable line sections in turn, the wettability of the hydrophobic insulator 

25 layer 130 above those sections can be increased in turn, thereby controlling the position at 
which oil motion is initiated, and the subsequent direction of oil movement across insulator 
layer 130. Such techniques can produce a constant sized moving area of increased wettability 
beneath the line section to which a voltage is being supplied. Alternatively, independently 
addressable line sections can be sequentially energized and the voltage maintained to provide 

30 a spreading area of increased wettability beneath a plurality of line sections to which a 

voltage is being applied. Such a division into many electrodes enables the option to darken 
the upper part of the glasses, e.g. in order to keep a low sun out of the eyes whilst not 
decreasing the transmission in a horizontal path. This function may be compared with the 
sunscreen in a car, or the tinted upper part of a car windscreen. 
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Other electrode combinations can be used to control the movement of the oil. 
For example, a number of independently addressable concentric annular electrodes can be 
used to control the movement away from their common center by applying a voltage to each 
in turn, starting from the innermost. In another example, an electrode having one non- 
5 conducting area below the contact layer could be used. In this case the oil will tend to gather 
at the region above the non-conducting area. 

As an alternative to controlling the wettability of the contact layer by applying 
different electrode voltages the inherent wettability of the contact layer can be varied across 
the element, for example by providing a relatively less hydrophobic portion. In this case, 

10 motion of the oil in response to the voltage applied to the electrodes will be initiated from the 
relatively less hydrophobic region. 

The side walls of the fluid chamber can be coated with hydrophobic or 
hydrophilic materials so that a variation in the interfacial tension between the side walls and 
the oil/water ensures that the oil will move in a particular direction in response to an applied 

15 electrode voltage. 

As another means of varying the wettability of the interior surfaces of the fluid 
chamber, the thickness or dielectric properties of the contact layer can be given a 
predetermined profile across the element, to give differing electric field strength at different 
areas in response to an applied electrode voltage. For example, at thinner regions of the 

20 contact layer the water and electrode are relatively closer together, producing a higher field. 
Movement of the oil is initiated at a region of higher field due to the increased wettability in 
this region. For example, a hydrophobic insulator layer 130 having a first concave surface in 
contact with the rear electrode 160 and a second substantially planar surface in contact with 
the oil could be used. In this case the oil layer above the thinnest portion of the insulator layer 

25 130 would move first, with the oil motion progressing from this area. 

Yet a further technique for varying the wettability of the insulator layer 1 30 
Includes providing a projection extending firom the insulator layer 130. The projection is 
arranged to protrude from the oil layer and communicate directly with the water when no 
voltage is applied to the electrodes. The availability of the surface of the projection to the 

30 water provides the water with a starting point from which it can more easily displace the oil 
when a voltage is applied to the electrodes. In addition, the projection may be covered with a 
hydrophilic coating in the region which protrudes from the oil layer. The increased 
wettability of the projection by the water in the region which protrudes from the oil layer will 
tend to increase the effect of the projection. 
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In each of the lens arrangements described above, the interior walls of the 
fluid cavity which contact the water in the off state are preferably hydrophilic. In this way the 
water is retained between the two bodies of oil, and the oil bodies are hindered from moving 
away from the extremities of the element. 
S Referring now to Fig. 5, there is shown a pair of sunglass spectacles 200 

incorporating lenses of either of the types above described. The spectacles 200 comprise 
lenses 100 A, lOOB, a frame 210, arms 220, an adjustment knob 230, and a battery housing 
240. Here, the adjustment knob 230 and battery housing 240 are shown mounted centrally on 
a bridge portion of the frame. 

10 The battery contained within the housing 240 is connected to electrodes 150, 

160 of each of the lenses lOOA, lOOB, via the adjustment knob 240. Here, the adjustment 
knob 240 preferably controls a variable resistor which is euranged to adjust the voltage (i.e. 
potential difference) applied between the pairs of electrodes 150, 160 of the lens lOOA, lOOB. 

In the configuration shown in Fig. 5, a dark ring 250 is observable around a 

1 5 periphery of the lenses adjacent to the frame 2 1 0. This dark ring 250 represents the oil layer 
O in the state described in relation to Fig. 3. In other words. Fig. 4 shows the sunglasses in a 
state in which maximum light transmission is allowed. It will be appreciated that at this point, 
the potential difference between the electrodes 150 and 160 for the lens lOOA, 100B is at a 
maximum. As control knob 230 is adjusted to reduce the potential difference between 

20 respective electrodes 150, 160, the oil layer will revert to its homogeneous film state shown 
in Fig. 1 A or 3. At this point, the dark ring around the exterior of the lenses 100A, lOOB will 
have disappeared and, instead, the light transmission of the central area of the lens lOOA, 
lOOB will be reduced. 

It will be appreciated that whilst in the above discussion a colored oil has been 

25 contemplated, such coloring need not be present in order for the light transmission 

characteristics of the lenses to be varied. Indeed, the coloring of the oil (or indeed any other 
second fluid) may be appropriately chosen and may be provided to give a "designer" touch to 
the glasses. Indeed, the glasses could be arranged so as to be fashion items so that the first 
and second fluids are of differing colors and adjustment of the adjustment knob 230 will 

30 change the manner in which the glasses appear to the onlooker and, also, will change the 

coloring of the view shown by the wearer. Any combination of effects given by dual coloring 
may be chosen. For instance, the first fluid may have a green tint, the second fluid may have 
a red tint. 
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It will be appreciated that the strength of lens (in terms of correction of 
eyesight deficiency) is determined by the shaping of the front and rear walls 1 10, 120 and by 
the refractive index of the two fluids contained within them. In order to avoid problems with 
focus being varied when adjusting transmissibility, the two fluids must be of substantially the 
S same refractive index. 

It will also be understood that whilst manual adjustment of the sunglasses has 
been described by means of an adjuster, automatic operation may be provided for. For 
instance, if it is desired to change tint according to ambient lighting conditions than an opto- 
electronic element such as a light dependent resistor may be employed in place of a manually 
10 variable resistor. Additional control elements may be provided to accomplish such automatic 
control of the sunglasses. Other automatic arrangements may be provided to give non- 
ambient light dependent characteristics. For example, a programmable pzuty mode may be 
provided for providing time dependent variation to the glasses. 

The skilled man will realize that many other variations to the invention are 
1 5 possible without departing from the scope. 



